The Arachis section is the most important of the nine sections of the genus Arachis because it includes the cultivated peanut, Arachis hypogaea. The genetic improvement of A. hypogaea using wild relatives is at an early stage of development in spite of their potential as sources of genes, including those for disease and pests resistance, that are not found in the A. hypogaea primary gene pool. Section Arachis species germplasm has been collected and maintained in gene banks and its use and effective conservation depends on our knowledge of the genetic variability contained in this material. Microsatellites are routinely used for the analysis of genetic variability because they are highly polymorphic and codominant. The objective of this study was to evaluate the transferability of microsatellite primers and the assay of genetic variability between and within the germplasm of some species of the Arachis section. Fourteen microsatellite loci developed for three different species of Arachis were analyzed and 11 (78%) were found to be polymorphic. All loci had transferability to all the species analyzed. The polymorphic loci were very informative, with expected heterozygosity per locus ranging from 0.70 to 0.94. In general, the germplasm analyzed showed wide genetic variation.
Introduction
The genus Arachis L. is composed of 69 described species distributed into nine taxonomic sections (Krapovickas and Gregory, 1994) . The most studied section of the genus is the Arachis section containing 27 species (Krapovickas and Gregory, 1994) including the cultivated peanut (Arachis hypogaea L.), a South America native species which the evidence suggests has its center of origin in Bolivia, where the wild diploid species which are its putative progenitors are found (Gregory et al., 1980; Kochert et al., 1996) . Three Arachis species genomes (A, B and D) are known based on chromosomal morphology and crossing relationships, the cultivated peanut being an allotetraploid (AABB) that arose through a single event involving hybridization between two wild diploid section Arachis species, A. duranensis (the A genome) and A. ipaënsis (the B genome) (Kochert et al., 1996) .
Although the use of wild relatives for the genetic improvement of A. hypogaea has been investigated for a large number of agronomic traits and wild species have occasionally been used as a source of genes for the genetic improvement of cultivated peanut (Singh et al., 1996; Simpson and Starr, 2001; Burow et al., 1996) breeding programs have typically been undertaken using standard techniques and have only explored the primary gene pool (Garcia et al., 1995) .
Microsatellite markers are made up of tandemly repeated sequences of one to six nucleotides (Weber and May 1989) and have been widely used to evaluate genetic variability in plant species (Ghebru et al., 2002; Hormaza, 2002) . Gupta and Varshney (2000) have pointed out that microsatellites have many advantages over other types of markers, including high polymorphism, random distribution in eukaryotic genomes and high frequency, while Plieske and Struss (2001) have shown that microsatellite markers developed for one species can also be used in related species with no additional cost for primer development, a serious restriction to the wider use of microsatellites. Microsatellites also allow easier data integration because they are amplified by using very stringent polymerase chain reaction (PCR) conditions and, generally speaking, only single loci are amplified.
Germplasm of most wild Arachis species has been collected and maintained in various germplasm banks. An assay of the genetic variability of this germplasm is very important for its most effective use in breeding programs and for its conservation, since knowledge of genetic variation can help in regeneration, the identification of duplicates and the detection of collection sites with high local variability. Börner et al. (2000) used nine microsatellites to evaluate the genetic integrity of Triticum aestivum L. germplasm that had been regenerated up to 24 times, demonstrating that microsatellites can be used to analyze seed bulks that had been stored at room temperature in a seed reference collection for more than 50 years. No contamination due to foreign pollen or incorrect handling during the multiplication cycles was discovered and genetic drift was observed for only one accession, showing that microsatellites can be used as a simple and reliable marker system for the verification of the integrity and genetic stability of germplasm bank accessions.
The aim of this study was to evaluate the transferability of microsatellite markers and the genetic variability in the germplasm of wild species of the Arachis section of the genus Arachis in order to contribute the conservation and better use of this germplasm. DNA extraction, microsatellite loci and amplification
Material and Methods

Biological material
The DNA of each plant was extracted from leaves by the procedure of Doyle and Doyle (1987) as modified by Grattapaglia and Sederoff (1994) , diluted in Tris EDTA buffer (10 mM Tris-HCl mM and 1 mM EDTA), quantified in 0.8% (w/v) agarose gels based on comparison to known DNA dilutions and diluted to 5 ng/mL.
Fourteen microsatellite prime pairs (Table 2 ) from genomic libraries were used, three (Ag117, Ag140 and Ag171) from Arachis glabrata (Rhizomatosae section), eight (Ah3, Ah7, Ah11, Ah30, Ah6-125, Ah 126, Ah282 and Ah283) from A. hypogaea and three (Ap32, Ap38 and Ap40) from Arachis pintoi (Caulorrhizae section). 518 Microsatellites in Arachis section Amplifications were performed using a PTC100 thermal cycler (MJ Research, San Francisco). Reactions were carried out in a total volume of 10 mL and contained 15 ng of template DNA, 0.17 mM of each primer, 0.22 mM of each dNTP, 1X of reaction buffer, 1 U of Taq DNA polymerase (Amersham Biosciences, Piscataway) and from 1.5 to 2.5 mM MgCl 2 ( Table 2 ). The amplification cycle consisted of an initial denaturation step at 94°C, followed by 32 cycles of 94°C for 25 s; (45°C to 60°C) for 25 s (Table  2 ) and 72°C for 25 s and a final 10 min extension step at 72°C. The annealing temperatures ranged according to the sequence of the primers (Table 2 ). The fragments were separated on 4% (w/v) acrylamide gels (19 acrylamide: 1 bis acrylamide) and the gels were silver stained (Promega, 1995) and photographed under white light.
Data analysis
The size of each allele was estimated using the 'EagleSight' software version 3.22 (Stratagene, Austin). Expected (He) and observed (Ho) heterozygosities, genetic distances and number of alleles/locus were calculated with the Population Genetic Analysis program (PopGene, version 1.21 - Yeh et al., 1997) . A dendrogram was obtained by using the TreeCon for Windows program (version 1.3b; Van de Peer and De Wachter, 1994 ) that uses the Nei and Li's coefficient. The mean estimated number of repeats in each locus was calculated based on the expected length of fragment and the motif of each locus in focal species.
Results
All 14 loci allowed the amplification of microsatellite loci in all the Arachis section species analyzed, eleven loci being polymorphic (78%) and three monomorphic (22%). Two of the monomorphic loci (Ap32 and Ap38) were isolated from the Caulorrhizae section species A. pintoi and one monomorphic loci (Ag117) from the Rhizomatosae section species A. glabrata.
We detected 201 putative alleles at the polymorphic loci Ah3, Ah7, Ah11, Ah30, Ah6-125, Ah126, Ah282, Ah283, Ag140, Ag171 and Ap40, with a mean of 18.3 alleles per polymorphic locus which ranged from six for locus Ah283 to 34 for the Ap40 locus ( Table 2 ). The number Bravo et al. 519 The mean observed heterozygosity for the 11 polymorphic loci was 0.2301, the highest value (0.3580) being that for Ah7 locus and the lowest (0.0909) for the Ah11 locus ( Table 2) .
The mean number of repeats at the polymorphic loci in the non-focal species was estimated on the basis of observed fragment sizes (Table 3) . Variation in the repeat number was very wide, ranging from two repeats at the Ah283 locus to 53 at the Ah3 locus.
We also calculated the variability indices for species with multiple accessions or multiple samples of one accession (Table 4 ). The average number of different alleles per locus ranged from 1.14 in Arachis schininii (undescribed species) to 4.14 in Arachis helodes and the mean expected heterozygosity (H e ) ranged from 0.0446 in A. schininii to 0.4706 in A. helodes.
Some individual plants had banding patterns composed of two fragments (Figure 1) , such plants being analyzed as heterozygous since microsatellites are codominant and allow the detection of both alleles in a locus and because most species analyzed were diploid and hence the maximum number of different alleles in a locus was two. The mean observed heterozygosity values (H 0 ) ranged from 0 for the Arachis species cardenasii, gregoryi, magna and simpsonii to 0.1179 for Arachis kuhlmannii. (Table 4 ).
Relationships between accessions based on the data for the 14 loci analyzed are presented in Figure 2 . As can be 520 Microsatellites in Arachis section seen, all accessions were characterized and the diversity between accessions of a particular species was very high. Many accessions were grouped according to the species to which they belonged with, for instance, A. helodes and A. hypogaea) accessions being very related to each other, while some accessions were grouped away from the other accessions of the same species, an example being A. hoehnei and A. simpsonii accessions which were placed in different clusters.
Discussion
Independent of the Arachis species (A. hypogaea, A. glabrata or A. pintoi) from which they were originally developed, all the primers tested allowed the amplification of loci in all the Arachis species analyzed. Primer transferability between the Arachis section species demonstrated that Bravo et al. 521 3, 5, 6, 8, 9, 11, 12, 14, 19, 20, 21, 22) to four (plants 13, 16, 17, 18) . It can also be seen that some plants (17 and 19) from the same species did not share any fragment with each other. M = molecular weight. the regions flanking these microsatellites are conserved enough to allow locus amplification, agreeing with previous work by other authors who have shown that microsatellite flanking regions are conserved, being even used to phylogenetic inferences in a number of species (Matsuoka et al., 2002; Rosseto et al., 2002) . We found that the percentage of cross-species transferability was very high considering the number of species analyzed and genetic distance among them. Hopkins et al. (1999) In general the estimated number of repeats in the polymorphic loci in non-focal species were different from the number of repeats found in the same loci in the focal species. For example, the expected allele size of the A. hypogaea Ah282 locus was 213 base pairs (bp) with 45 TG repeats (Table 2 ) while in the species to which it was transferred the estimated repeat number ranged from 29 for Arachis valida to 45 for Arachis villosa ( Table 3) , showing that this locus was highly polymorphic with 22 alleles. However, on the other hand, locus Ah283 presented 21 repeats in A. hypogaea, two to six repeats in the other species and low polymorphism with only six alleles detected in the whole sample. Our data indicate that the number of repeats as well as the level of polymorphism can vary extensively between focal and non-focal species and that allele length is general longer in focal species than in non-focal species.
Overall, variability levels in the species were moderately high (H e = 0.2759). The H e value was high in species for which only a few accessions were analyzed, e.g. Arachis decora (H e = 0.2589 for two accessions) and A. kuhlmannii (H e = 0.4615 for five accessions). Our results thus indicate that the germplasm of the species analyzed was generally composed of highly contrasting individuals. The genetic variability of diploid Arachis species has been reported in a number of studies using different molecular markers (Galgaro et al., 1998; Gimenes et al., 2002) . However, these studies used markers, such as amplified fragment length polymorphism (AFLP) and random amplified polymorphic DNA (RAPD) which score as dominant markers and lead to an underestimation of genetic variability. Furthermore, in the case of RAPD, data integration and comparison are difficult due to the detection of multiple loci and low repetitiveness.
In general, the mean observed heterozygosity found in the Arachis species analyzed was low for all loci, as expected for a self-fertilizing species, indicating that the breeding system of the analyzed species is preferentially autogamous. However, we observed that certain Arachis species (e.g. A. glandulifera, A. helodes and A. kuhlmannii) presented moderate levels of observed heterozygosity, A. helodes for example presenting H 0 = 0.0997 indicating that, on average, 9.97% of individual plants analyzed were heterozygous for any the loci analyzed. The frequencies observed in some species such as A. kuhlmannii (11.79%) clearly show that allogamy or other mechanisms to retain heterozygosity occur in Arachis. Allogamy can have consequences for the conservation of the species germplasm bank since a loss of genetic identity of the species can occur due to pollen contamination.
The genetic relationships between species established based on our microsatellite data (Figure 2 ) partially agreed with relationships established based on other types of data. For instance, our data placed A. hypogaea and Arachis monticola together, agreeing with previous work showing that they are highly related to each other (Pattee et al., 1998; He and Prakash, 2001) . Also, A. magna and A. ipaënsis were located close to each other in our tree ( Figure 2 ) and are known to be morphologically very similar to each other (Krapovickas and Gregory, 1994) . Furthermore, the A. decora V13290 accession and A. palustris V13023 were placed very close to each other in our tree (Figure 2 ), supporting our unpublished data which shows that these two species have 18 chromosomes and show no polymorphism on their rDNA transcribed spacers, indicating that they are closely related to each other phylogenetically.
The Arachis species analyzed by us had A, B and D genomes. The A genome species were divided into four groups and the B genome into two groups, with Arachis glandulifera, the only D genome species in the genus (Stalker, 1991) , being placed close to the B genome species Arachis batizocoi and Arachis cruziana. Some A genome groups were closer to B genome groups than to other A genome groups. This, and the placement of some accessions away from the other accessions of their species, may have been due to two main factors: the high polymorphism detected in the analyzed loci and/or the occurrence of homoplastic alleles, i.e. alleles that present the same size in a gel, are not identical by descent and are found in relatively distantly related species. In some cases, polymorphism within species was so high that the genetic distance was higher between accessions than between some species. 522 Microsatellites in Arachis section This was the case for A. simpsonii accessions, which presented a genetic distance (data not shown) of 0.9359 whereas unrelated species such as A. magna and A. villosa presented a genetic distance of 0.7506. This means that these species could not be characterized with the 14 microsatellite markers used in our study and that larger samples, which allow better sampling of intraspecific variation, need to be analyzed. The microsatellite loci used in this study were quite efficient for the analysis of genetic variability in Arachis section species because they presented high transferability to species from the same genus and they were polymorphic in the species to which they were transferred, thus permitting the analysis of related species without the development of specific primer pairs. The characterization of the genetic variability of the germplasm analyzed could be used to plan sampling programs, and assist in germplasm maintenance and the formation of species 'core collections'. Moreover, codominance and high polymorphism can determine variation in breeding systems. On the other hand, the markers were not efficient in the establishment of genetic relationships between the species investigated in this study, probably due to the very small number of accessions analyzed for some species, high variability among accessions in the loci analyzed and homoplastic fragments.
